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SUMMARY 


this  report  which  describe*  portion*  of  the  Vivbdity  Laboratory's  Project  OFAQUfc  effort,  was  prepared  under 
AKiL  (  ontract  HW2I-7I  C  024(1  h  contain*  a  presentation  of  29  low  altitude  icattertnc  coefficient  profiles  and  related 
meteornlnfical  data  that  were  measured  during  the  Winter  and  Summer  seasons  of  l*7t  at  four  different  geographical 
'nation*  The  measurement*  were  conducted  during  an  instrumented  aircraft  *  approach  and  landing  at  four  of  the  staging 
base*  associated  with  the  overall  OPAQUF  program.  Johnson  ft  al  MffTffl 

The  nephelometer  measurement*  of  total  volume  scattering  coefficient  which  are  presented  m  this  report  were  made 
ismg  a  pseudo- photoptc  spectral  response  having  a  mean  wavelength  of  SS7nm.  and  are  thus  suitable  for  companion  with 
I  na  associated  with  standard  visual  determine  non*  of  airfield  visibility  The  temperature  and  dewpoini  temperature 
-neasurement*  were  made  using  an  AN/AMQ  I7  aerograph  and  a  Cambridge  Model  IJ7-CJ  Aircraft  Hygrometer  System 
Measurements  of  horn  on  and  terrain  luminances  which  were  alto  made  during  these  aircraft  descents  are  not  included  in 
ihi*  report  hut  are  available  m  the  Visibility  laboratory*  basic  data  baae  should  their  subsequent  analysis  become 
tevireahte 

The  reported  data  illustrate  that  m  twenty  sis  nui  of  twenty-nine  case*,  there  was  little  or  no  significant  variation  in 
he  photoptc  scattering  coefficient  as  one  approaches  the  surface  from  an  altitude  of  several  hundred  meters  Thus 
-n. ..telling  approximations  of  low  altitude  ha/e  properties  based  upon  near  surface  measurement*  are  in  general  appropriate 
t  i'  'he  t  inge  of  meteorological  conditions  estanl  during  these  flights 
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WINTER  AND  SUMMER  MEASUREMENTS  OF  EUROPEAN 
VERY  LOW  ALTITUDE  VOLUME  SCATTERING  COEFFICIENTS 

Richard  W.  Johnson 


I.  INTRODUCTION 

In  the  increasingly  sophisticated  world  of  electro- 
optical  detection,  search,  and  guidance,  the  requirement 
for  establishing  and  predicting  atmospheric  influences  on 
svstem  performance  continues  to  develop  as  a  pnmary 
operational  necessity  It  is  in  support  of  this  general  con¬ 
test  that  the  Visibility  Laboratory  in  cooperation  with,  and 
under  the  sponsorship  of  the  Air  Force  Geophysics 
Laboratory  has  maintained  an  extensive  program  of  air¬ 
borne  optical  and  meteorological  measurements.  In  recent 
years  this  program  has  been  conduced  as  an  independent 
but  cooperative  effort  [Johnson  rial.  (1979)1  in  conjunc¬ 
tion  with  the  NATO  program  OPAQUE  (Optical  Atmos¬ 
pheric  Quantities  in  Europe).  Fenn  (1978)  During  the 
two  year  interval  spanning  'he  years  1977  and  1978.  over 
80  missions  were  flown  documenting  lhe  vertical  structure 
of  the  visible  spectrum  total  volume  scattering  coefficient 
m  the  lower  troposphere  Since  a  thorough  aware-  ess  of 
this  vertical  structure  is  essential  to  the  prediction  of 
atmospheric  influences  on  contrast  transmittance  through 
this  regime,  these  data  have  been  presented  in  a  series  of 
technic-',  c,  .S.  ,l,e  most  recent  of  which  is  entitled  "Air¬ 
borne  Measurements  of  Atmospheric  Volume  Scattering 
Coefficients  ip  Northern  Europe,  Summer  1978".  Johnson 
and  (iordon  <1980) 

The  optimum  use  of  the  experimental  data 
presented  in  r -ports  such  as  Johnson  and  Gordon  (19801 
is  surely  to  establish  the  baseline  assessment  of  those  opti¬ 
cal  characteristics  most  influencing  slant  path  contrast 
transmittance,  and  to  develop  (rom  these  assessments 
realistic  predictive  models  An  initial  effort  in  this  model 
development  using  both  surface  and  profile  data  from  the 
OPAQUE  program  is  discussed  in  Johnson  et  al  (1979). 
and  the  further  application  of  these  data  to  contrast 
transmi’tance  modelling  is  illustrated  hv  Hering  (1981) 

A  necessary  hut  unfortunate  artifact  of  the  data 
presented  in  (he  report  series  referred  to  above  Johnson 
and  Gordon  <1980)  etc  is  that  the  measurements  were 
always  ‘e'mmated  al  some  significant  altitude  above 


ground  level.  A  necessary  condition  imposed  by  the  safety 
of  flight  regulations  which  apply  to  a  civil  air  space,  and  an 
unfortunate  condition  due  to  the  extreme  sensitivity  of 
slant  path  contrast  transmutances  to  variations  in  the  near 
surface  haze  conditions.  Thus,  even  though  the  structure 
of  the  atmospheric  scattering  coefficient  profile  has  been 
well  documented  within  the  altitude  regime  between  6  km 
and  about  1  km  above  ground  level,  the  true  character  of 
the  near  surface  layer  has  been  relatively  undetermined 
Several  methods  of  extrapolation  from  the  lowest  meas¬ 
ured  data  value  have  been  used  to  identify  the  most  prob¬ 
able  values  of  scattering  coefficient  within  this  region,  as 
have  intermittent  instances  of  interpolation  between  air¬ 
borne  and  surface  measurements  when  both  were  avail¬ 
able.  Obviously,  neither  of  these  techniques  addresses  the 
determination  of  the  shape  of  the  profile  within  the  first 
kilometer  above  the  surface.  Consequently,  there  exists  a 
significant  degree  of  uncertainty  in  how  one  should  prop¬ 
erly  defi-.e  this  altitude  regime  when  attempting  to  calcu¬ 
late  or  predict  its  optical  properties.  This  uncertainty  is 
particularly  troublesome  when  one  addresses  operational 
scenarios  involving  low  flying  systems  whose  mission 
depends  upon  the  adequate  performance  of  its  electro- 
optical  devices. 

The  data  contained  in  ihis  report  are  intended  to 
reduce,  at  least  in  part,  the  uncertainties  in  the  structure 
of  the  near  surface  scattering  coefficient  profile  These 
data,  identified  in  Table  1.1,  represent  measurements 
made  following  each  experimental  data  flight  during  the 
instrumented  aircraft's  approach  and  landing  sequences 
Thus  the  measurements  were  made  in  the  specific  region 
of  interest,  i.e.  between  the  approach  pattern  altitude  of 
approximately  1200  ft  and  the  surface,  and  can  he  used 
directly  to  identify  the  optical  characteristics  of  this  tacti¬ 
cally  critical  transition  /one  The  flights  indicated  in 
Table  I  I  are  all  from  lhe  OPAQl'F.  IV  and  V  deploy¬ 
ments,  Johnson  and  Gordon  1979  and  1980.  and  thus 
represent  onlv  a  sub-set  of  the  total  available  data  base  A 
second  report,  currently  in  preparation,  will  present  similar 
data  for  the  predominantly  Spring  and  Fall  lime  periods 
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Tablt-  l  .l.  Flight  l Vila 


' 

■  1 

Landing  Time 

^Aerodrome  Identification  j 

Flight  No 

Might  Dale 

(GMT) 

StgoneUa.  Sicily 

432 

03  Feb  78 

150001 

J7*24*N  14°55* 

433 

!  17  Feb  78 

130853 

24m  MSL 

434 

!  IS  Feb  78  i 

140005 

460 

02  Aug  78  j 

154910 

461 

03  Aug  78 

124724 

1  i 

462 

05  Aug  78  i 

132230 

1 

463  | 

07  Aug  7*  I 

134112 

Wunstorf  Germany 

451 

!  22  Mar  78  ! 

144535 

52',28‘N  09*25* 

452  ! 

23  Mar  78 

160830 

MSL 

454 

28  Mar  78 

141440 

456 

31  Mar  78 

163702 

46‘ 

14  Aug  78 

153657 

466 

15  Aug  78 

134150 

4 k>8 

21  Aug  78 

1.11440 

469 

22  Aug  78  | 

160952 

Me  mm  mgen.  (iermany 

435 

23  Feb  78  ! 

104356 

47*  <9^  10*13*: 

436 

23  Feb  7g 

152402 

634m  MSI 

4JP 

27  Feb  7g 

135823 

439 

01  Mar  7g 

145643 

471 

1 1  Sep  7* 

092904 

473 

1 1  Sep  78 

16.3609 

Mildenhall.  England 

443 

09  Mar  78  ( 

155711 

52*22' N  00*29* 

444 

1 J  Mar  7g 

162448 

10m  MSI 

44S 

1  3  Mar  78 

1326 <9 

447 

1 5  Mar  78 

150413 

44* 

1 7  Mat  78 

144958 

475 

1 5  Sep  ■** 

174646 

47a 

16  Sep  7g 

153834 

477 

18  Sep  78 

152524 

1  ....  ..J 


Note  GMT  lime*  are  indicated  m  Hourv Minutes  Seconds 

2.  PROCEDURES  «  INSTRUMENTATION 

The  general  flight  sequences  conducted  during  the 
OPAQUE  measurement  program  have  been  reported  in 
several  preceding  reports  as  noted  in  bottom  row  entries 
of  Table  2.1  In  these  earlier  reports,  measurements  of 
atmospheric  volume  scattering  coefficient  and  natural  irra- 


diunce  levels  were  presented  for  a  broad  variety  of  geo¬ 
graphical  and  seasonal  conditions.  The  general  locale  for 
these  data  missions  is  illustrated  in  Fig.  2-1  which  has 
been  abstracted  from  Johnson  et  al.  (1979).  The  aero¬ 
dromes  at  which  the  approach  data  were  measured  are 
indicated  by  the  symbol,#. 

The  instrumentation  used  during  these  flight 
episodes  has  been  described  adequately  in  the  previously 
referenced  reports  (Johnson  and  Gordon  (1980),  etc  ]  and 
will  not  be  further  elaborated  upon  herein.  Suffice  it  to 
say  that  the  entire  instrument  system  was  mounted  on  an 
Air  Force  C-130  aircraft  and  included,  but  was  not  limited 
to,  the  following  listed  items: 

a.  A  multi-channel,  multi-spectral  nephelometer  for  the 
measurement  of  atmospheric  total  volume  scattering 
coefficient  and  directional  scattering  functions, 

b.  multi-spectral  scanning  radiometers  for  the  measure¬ 
ment  of  sky  and  terrain  radiances. 

c  a  multi-spectral,  two  channel  flat  plate  irradiometer 
for  the  measurement  of  upwelling  and  downwelltng 
irradiance  levels,  and 

d  meteorological  transducers  for  the  measurement  of 
ambient  temperature,  dewpoint  temperature  and 
atmospheric  pressure. 

A  special  measurement  sequence  was  associated 
with  most  flights  discussed  in  these  earlier  reports,  but  its 
resultant  data  were  not  included  as  part  of  the  standard 
flight  package,  nor  included  in  those  reports  These  spe¬ 
cialized  data  resulted  from  having  the  airborne  optical, 
meteorological,  and  data  logging  instrumentation  opera¬ 
tional  during  the  aircraft's  landing  approach  and  touch¬ 
down  Thus,  since  the  aircraft  was  staging  out  of  an 
airfield  generally  remote  from  the  standard  OPAQUE 
flight  tracks  shown  in  Fig  2-1.  two  separate  and  indepen 
dent  data  sets  were  collected  during  most  missions  The 


Table  2.1.  Geographical  and  Seavmai  Dutnbunon  of 
l Altitude  Scattering  0«efftr»ent  Profile* 


Aerodrome  l  neat  mm 
'*e*  Ft§  2  1  \ 

Stgoneii*  Wily 
I  orient  Fiance 
Memmtngrn  Germans 
Wurwtorf  ( fcrmanr 
Soeeteftwg  Netherlands 
Mikienfall  Fngtarwl 

\  aerkm  Denmark 

ratal* 

Related 
Data  Report* 


Spring  1976 


Attempted  lota  Altitude  Data  Sequence* 


Summer  |u7*g|  197| 


AK»t  rn  him 

AFi.l  TRruOD’l  AH, I  AH, I  tR  gnojo’ 


TotaK 

I 


AH  TR  Mi.i  iR  ’♦ 


*A«en*a  indicate*  *ht«e  %uh  set*  foen  which  iHr  data  m  thn  report  *r  r  .h>*sen 
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I  I  .  1  •  >*■  Mjl  t  Pi*h  ij.cs 


hrv  wa*  the  'ather  extensive  mul'i  spec'ia!  set  ■  ■*  mea* 
Lremtn'v  made  along  the  indicated  1M  k*  nc.vceen  h  j  i,| 
•  lometer*  ' n  a.htu  dc  am'  *nc  second  eas  the  smallm 
more  selective  set  made  .o  the  inca  s'agmii  base 
about  C>  '  and  <10  k  liirrv  'e  >  The  second  set  'it  rteasuo 
merits  made  only  n  the  ,ih,it'ipu  .pevtral  band  is  noun 
halo  'eterred  '<  as  'he  APPR'  i  \(  M  lata 

There  were  .ese'ai  special  consider  •turns  t  iposrd 
Junnf  'he  collection  ■(  ht  APPIM  »A<  H  measu'i  >ocii's 
•r  sli  distinguish  'he*  >a  .<  'mm  <•  laraet  se  ,>■  -c 
' 'Viv  1  v  iri-ifteet  In  gr-i.  r*  'nev  *ere  e  foiioae 


Measurements  were  made  m  <>n  v  une  spectral  hand 
During  :hi  APPROACH  descent  'mm  approximately 
1200 '<  AO!  n>  he  suttacc  the  sircstjral  character 
•I  'he  scattennic  coefficient  ptotile  was  the  datum 
must  .levied  Thus  the  imentating  nephelometer 
tsas  pre  se'  in  make  continuous  measurement'  ol  the 
phn'opii  A  *  "’nmi  total  scattering  coefficient 
thtou(th<.ut  'he  descent  Bv  not  switching  optical 
'il'cis  al  measurements  wen  accomplished  with  the 
optimum  s|>alial  resolution 

Measutemcnis  were  made  with  pie  set  static  optical 
c  nt  diitu  i  ji  if  ms  !he  consideration  was  also  imposed 


lo  eliminate  unnecessary  time  sharing  sequences  and 
thus  optimize  the  detection  of  profile  variations  dur¬ 
ing  the  relatively  short  descent  episodes  Thus  the 
nephelometer  was  pre-set  to  measure  total  scattering 
coefficient  only  without  cycling  through  the  direc¬ 
tional  channels,  the  scanning  radiometers  were 
pre-set  to  stare  at  the  sky  and  terrain  directly  ahead 
of  the  aircraft,  approximately  5°  above  and  5°  below 
the  local  horizon,  and  the  dual  channel  irradiometer 
was  pre  set  to  measure  total  downwelling  irradiance 
throughout  the  descent 

.3  Data  logging  began  shortly  before  the  initiation  of 
the  aircraft's  final  descent  for  landing  and  continued 
throughout  the  descent  and  actual  aircraft  touchdown 
on  the  runway  Some  editing  has  been  required  to 
eliminate  spurious  pre-descent  and  post-landing  data 
which  were  adversely  influenced  hy  abnormal  aircraft 
attitudes  during  initial  line  up  and  prop  reversal 
influences  during  roll-out 

Post  deployment  dala  processing  of  these  data  has 
been  handled  in  a  manner  similar  to  that  described  in 
Johnson  and  Gordon  (1979)  t  alihralion  dala  for  each 
deployment  set  is  ihe  same  as  was  used  for  the  parent  data 
sets  as  referenced  in  each  of  the  Related  Data  Report 
entries  of  Table  2  I  Readers  are  referred  to  these  more 
detailed  reports  for  supplementary  background  informa¬ 
tion  where  required 


V  WKM  HKR  S3  MMARY 

Ihe  weather  conditions  existing  during  each  of  the 
flight  episodes  trom  which  the  APPROACH  profiles  have 
been  ext'acted  are  discussed  in  detail  in  Johnson  and  Gor¬ 
don  1 9"*q  and  I^HO  These  parent  reports  include  data 
trom  daily  surface  and  A00  millibar  charts,  surface  obser- 
\  at  a  >ns  pilot  reports,  vertical  cross  sections  and 
radiosonde  launches  Ihe  bulk  of  these  data  were  pro¬ 
vided  m  .he  l  S  Air  rorce  Pnvironmental  Technical 
Applications  Center  H  SAPVUAC)  at  Scott  Air  Force 
Base  and  ihe  National  ( Jceanngraphic  and  Atmospheric 
Administration  via  the  National  Climatic  Center  in  Ashe¬ 
ville  North  C  arolina 

(  omparisons  between  the  C-l  An  and  RAOB  air 
•some  measurements  ot  temperature,  dewpoint  tempera 
'ure  and  the’  derived  values  of  relative  humidity  for  each 
■it  the  winter  and  summer  flights  preceding  these 
APPRO  V  H  episodes  have  been  made  in  the  parent 
rc‘|><irts  referenced  above  However,  several  additional 
comparisons  are  summarized  herein  which  relate  more 
i ! i r cc * 1  v  In  'he  Id. lal  landing  circumstances 

M  easured  values  ol  temperature  It)  dewpoint  tem- 
peratuiv  'dpi  and  atmospheric  pressure  (pi.  that  were 
recorded  ■  :  ihe  exact  moment  of  landing  touchdown  have 
been  .ompared  with  ihe  equivalent  values  reported  by  the 
host  aerodrome  lor  eighteen  of  the  flights  reported  in  Sec¬ 


tion  4  These  flight'  n.-rc  those  la  *ti.d  t).. 

dynamics  data  perm  'ed  a  .pec.fk  am,  ..r.amnig „ 
determination  of  ,t.<  exact  msiani  ot  ural  n»  I  ’  ■ 
flights  for  which  the  landing  t.me  was  tm  ar .  ’-asor 
specific  were  not  included  m  ihe  .ompansor  h .._,gr 

their  dala  might  in  fact  he  suitable  ,n  all  ■■ihe-  csi*-. 
These  comparisons  are  listed  in  I  able  <  I  In  ai  asr-  hi 
differences,  Ar.  Ad/>  and  Ap  represent  :he  ici 
measuremeni  minus  ihe  C  l  30  measuremem 

The  data  summarized  in  Tahir  3  I  -n.;-  a  '.a 
airborne  and  aerodrome  measurements  we;  <■ 

age  in  reasonable  agreemen  Inc  tenux-'.i:  jh  i  r  t 
cate  a  systematic  difference  of  about  ,  (  rv  w.  ,-r  • 

O- 1 .30  and  aerodrome  measurements  .ow-.-.e:  -n 
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Since  the  staging  aerodromes  lor  most  m-s, 

flights  were  generally  remote  trom  the  primary  . lat.>  iraikv 
selected  supplemental  weather  data  related  specificate  • 
the  APPROAC  H  site  have  been  included  herem  sn  r 
summaries  of  ihe  meteorological  ohsercaltons  lakcn  e  •'  i 
staging  aerodrome,  at  or  near  Ihe  I  me  ■!  laming  o. 
presented  in  Table  3  2  A  glossary  ol  the  most  .>Mc  ..sec 
symbols  is  included  in  Appendix  A  t ■  -r  ihe  readc  s  .m 
ccmcnce  All  dala  were  reported  m  Gn-enwxh  r  m-  I  •>>■ 

•  GOT)  which  is  equivalem  to  Greenwich  Mean  I  me 
iCiMT).  the  terminology  used  m  lahle  3  7 
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A  DATA  DIM  i  SSION 


As  noted  ,n  ihv  introductory  remarks  ol  sec  lion  1 
'he  accurate  spreitkauon  of  the  atmospheric.  volume 
scattering  e‘ur.ivter«stivs  ai  very  low  altitudes  can  he  c rn » 
,al  to  the  Jeter .nmatiop  ot  slant  path  contrast  transmit 
lances  through  this  near  surface  regime  It  is  of  major 
importance*  for  -.tie  to  know  or  he  able  to  reliably  deduce 
the  - s .. urri*fice  «t  inah>r  sanations  >n  the  vertical  structure 
►t  the  a’tm^si-tier.v  aerosol  fhc  flight  data  represented  in 
Mi,  carter  ctererued  reports  Johnson  and  <#nrd«m  NXO 
eh  '■*a\e  o  viijeit  extensive  samples  of  these  variations 
.out  fh.is  ha. i  served  as  ;hc  case  studies  required  tor 
icvei'  ping  'casonjN.  miKte  hng  representations  A  prel 
n,  nan  dtvuss.on  ■»*  i  proposed  m«*le*ling  technique  was 
•ngmaiiv  discussed  i.  Johnson  »•*.;/  has  been 

.•up  h-.*  f  4p*.f  n  I  ihi\soi>  anil  Hermg  ISMH  and  »s 
*escr  ‘‘vi!  ' u  her  at  He'mg  MX  I 


s.iwi  e  p'  »t»K  data  upon  whuh  the  Hermg  model 
a. is  tevci  av.;  •.-tminated  i*  siKJ  to  IdOOft  HSU  ^00m  ' 
above  h-.*  a  -  in*'  he  onfidehce  with  which  one  could 
speed*  n  v*  (M*!  skittering  properties  'rum  d.ese  data 
*a'  v'li'S'.a'  up*  ni  sed  I  *u  ;«r  *  'hesenfed  .n  sec 
•  ••  4  »*  *.:*  uffere  spec  ilea.  i.ldfess  -he  resolu 


r  .  •■x  rr’  1‘T  V  '  'fie  slH’cdk.i  .  •'  1  t’CV  support 

ne  .  r  ia  ?  s  ases  n-i  tua  measurements 

■*  i  1  ■  •  catering  cnftkierv  made  within 

*«•  "•  \(  t:  >'  uch  rcgjmc  m.n  N  reliable  evtra 

t-  *<  M.’f.uc  with  -*n  »  marginal  risk  ol 

y  s  n  ■  r\.  ,  on:«v.  of  •'  ail  nuklei  |**t 

■  •-  i  •  »*  N:*  w.  .  o  ne  w  me*  .  h»  summer  profiles 
i s  t ;  ■  o  4  . .p,,  th  *e  he  w  nter  n>easure 

o  \f.  m,  %h*-w  u.i  »ed  *v  : cases  i.  low  eve i 

i.  !•  ..dd.i miM1  .  »m  mmoi  urease  it  'he  sui 

*n  fl'gh  4*4  '  w  f  1-  -  Sigonclia '  hu’  t  *s 
>  »-  U  ci  *•  * ■ '»■•!*%<  v*  >d*  is  is  ndica.ed  n 

M  gv  nr.iMif'  niiir  I  *u*  specific  ondilions 

i  *■>  *  ncs*.  'vc  •miudc  nhenomena 

..  f  J-  •  tie. 
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i  '  •  •  >  ?.j  -i  i  r*v.»r  add»li.  >nai 


!  "ir  ,i»  n-  r  •  ^piea  1  ”  ’he  >ea 

•  .  f.  c^i  ig*t  .  l-’v  ^  n  'he  singular 

.....  hr  S»g  ‘a  *  w*--  ueasurements 
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